In the course of strain construction for studies of allosteric regulatory properties of glycerol kinase (EC 2.7.1.30; ATPglycerol 3-phosphotransferase), we identified a novel allele for the glycerol 3-phosphate repressor. It confers a GlpR Ϫ phenotype that is indistinguishable from that seen for the glpR2 allele, which contains an undetermined defect (5) . We report here that the sequences of these two alleles are different. Phenotypes associated with these alleles reveal that a functional glycerol 3-phosphate repressor is not required for glucose inhibition of glycerol utilization.
Strain KH11 was constructed to serve as a prototrophic strain with a wild-type glycerol kinase. Characterization of KH11 showed high levels of glycerol kinase enzymatic activity when cells are grown in Luria-Bertani (LB) medium, i.e., noninducing conditions (Table 1 ). The specific activities of glycerol kinase were determined in extracts of cells that were grown overnight in LB medium at 37°C, collected by centrifugation, and disrupted by sonication after being resuspended in 0.1 M triethanolamine-HCl, 2 mM glycerol, and 2 mM ␤-mercaptoethanol (pH 7.0). Glycerol kinase activities were determined by using an ADP-coupled continuous spectrophotometric assay at pH 7.0 and 25°C with 2 mM glycerol and 2.5 mM ATP (8) . Protein concentrations were determined by using the Bio-Rad assay with bovine serum albumin as the standard. The glycerol kinase activity of strain KH11 is much higher than that of strains MC4100, MG1655, and MM130. High expression of glycerol kinase after growth in rich medium was reported for Lin strain 43 (11) and is verified as shown in Table 1 . The phenotype has been termed constitutive and is associated with an undetermined defect in the glpR2 allele (5). Table 1 shows also that the same specific activity is obtained for strains KH11, MC4100, and MG1655 after growth under normal induction conditions in minimal glycerol medium. The absence of further induction in strain KH11 under these conditions indicates that the expression is constitutive rather than an elevation of the basal level. However, the specific activity after the growth of strain KH11 in LB medium is about twofold higher, indicating that additional induction is possible in rich medium.
None of the Escherichia coli strains that were used in construction of KH11 were known to contain defective glpR alleles. Strain DG1, from which strain KH11 was derived, was constructed to provide a GlpK Ϫ background (6) . DG1 is a derivative of TB1, which was chosen for efficient transformation and ␣-complementation (1). Table 1 shows that both TB1 and its parent, JM83 (7), display the constitutive phenotype. These results suggest that parent strain JM83 and its derivatives lack glycerol 3-phosphate repressor function. Strain JM83 was generated from strains CSH51 and 71.18 during the construction of strain JM101 (7). Table 1 also shows that JM101 displays the constitutive phenotype.
The role of the glpR locus in the constitutive phenotype of strain JM83 was investigated by using P1 transduction. The entry for strain KH20 in Table 1 shows that repair of the constitutive phenotype cotransduces with the malT::Tn10 marker from strain MM130. The cotransduction frequencies were 70 and 72% in two separate experiments, a finding which agrees well with the frequency that is expected (73% [9] ) from the proximity of the marker, located at 76.5 min, to the glpEGR locus at 76.7 min (2). Strain KH21, isolated as Tet r from the same transduction, retains the constitutive phenotype, showing that the restored repression is not associated with the marker per se. Table 1 shows also that P1 transduction of strain KH11 restores the GlpR ϩ phenotype (KH62). These results indicate that the constitutive phenotype is not associated with defects at the glpFKX locus at 88.8 min, i.e., the altered operator.
Diauxic growth in glucose-glycerol was used to evaluate the role of the repressor in glucose control of glycerol utilization and the expression of glycerol kinase. Figure 1 shows growth and glycerol kinase specific activity in cultures incubated at 37°C in minimal M9 medium with 2.5 mM glucose and 5 mM glycerol for strains MC4100, TS100, and KH44. The medium was inoculated with cells from overnight cultures in minimal glucose that were washed with minimal M9 salts. The constitutive phenotype is associated with shortening of the plateau of growth that occurs following glucose depletion and preceding glycerol utilization. However, repression of glycerol kinase by glucose does not depend on the glpR phenotype. This contrasts with results reported for glucose repression of the lactose operon, for which ␤-galactosidase increases in lacI strains (4) . Glycerol kinase activity is repressed by glucose in the absence of glycerol in the glpR2 strains, Lin7 and Lin43 (11) . Results from diauxic growth curves and glycerol kinase expression for strains KH62 and KH11 (not shown) are the same as those shown for MC4100 and TS100, respectively. Strain KH44 (⌬glpR) was constructed to assess the extent of the repressor defect. Diauxic growth and glycerol kinase expression are indistinguishable for strains TS100 and KH44, indicating that the constitutive phenotype is associated with complete loss of repressor function.
Loss of repressor function could be associated with glpEGR promoter defects and/or the expression of a defective repressor. To determine whether these alleles encode variant repressors, the glpR locus from strains MC4100, MM130, Lin43, JM83, and DG1 was amplified from chromosomal DNA by PCR using Taq DNA polymerase and a Perkin-Elmer 2400 thermal cycler. Thermocycling conditions were as follows: 92°C for 4 min, followed by 30 cycles of 92°C for 30 s, 45°C for 1 min, a The allele number glpR208 was assigned by the E. coli Genetic Stock Center (CGSC) after the DNA sequence was determined and is added here to the genotypes of the relevant strains.
b LB, LB medium; mG, minimal M9 salts with 1% (vol/vol) glycerol. c ND, not determined.
FIG. 1. Effect of glpR mutations on diauxic growth and the expression of glycerol kinase. Cultures were prepared as described in the text. The open symbols show the change in the A 600 following inoculation, and the filled symbols show the glycerol kinase specific activity (S.A.). Symbols: circles, MC4100; squares, TS100; triangles, KH44. and 72°C for 2 min, and finally, 72°C for 6 min. Both strands of the amplification products were sequenced using ABI Prism Dye Terminator Cycle Sequencing Core Kit with Big Dye premix from Perkin-Elmer, and thermocycling conditions were as recommended by ABI. Sequence products were purified using spin columns of P-30 polyacrylamide gel from Bio-Rad. The purified product was loaded onto an ABI 373 or 377 DNA Sequencing System in the Gene Technologies Laboratory of Texas A&M University. Sequence analysis was performed using Sequencher software.
The sequences of the alleles from strains MC4100 and MM130 are identical to the sequence reported for the allele from strain MC4100 (10) . The sequence of the glpR2 allele from strain 43 contains only one mutation relative to the sequence from MC4100, a G-to-C transversion at nucleotide 164 resulting in the amino acid change of glycine-55 to alanine. The sequences of the alleles from strains JM83 and DG1 are identical and contain only one mutation relative to the sequence from MC4100, i.e., a C-to-T transition at nucleotide 245 resulting in the amino acid change of alanine-82 to valine. This allele is designated glpR208. Thus, glpR2 and glpR208 are different alleles that are associated with the same phenotype. The same amino acid substitution found in glpR2 has been identified independently in the glpR200 allele from strain C600 (3) (Ann Flower, University of North Dakota, personal communication).
The E. coli glycerol 3-phosphate repressor is related to several other repressors in both gram-negative and gram-positive bacteria, as revealed by protein sequence alignments reported by Zeng et al. (10) . It contains a helix-turn-helix DNA-binding motif which is located at amino acid residues 22 to 41. Thus, the substitutions that result from the glpR2 and glpR208 alleles do not occur in the DNA-binding motif, and direct effects on the recognition helix do not account for the loss of repressor function for these alleles. The sites of the substitutions are, however, highly conserved in the members of this repressor family. The glycine at position 55 is found in all but one member of the family, and the valine at position 82 is conserved absolutely. The extent of conservation at these two positions indicates their importance for repressor structure and function, and the complete loss of function that is associated with the variant alleles is consistent with the effects of substitutions of such highly conserved amino acids. Defective repressors associated with the substitutions found here could have effects on DNA-binding amino acids not in the helix-turnhelix motif, altered conformations that affect DNA binding, or decreased stability that prevents proper protein folding and expression.
